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Abstract
Background Health anxiety is a prevalent and debilitating disorder associated with extensive use of healthcare services and 
reduced quality of life (QoL). Regional variability in specialised clinics or specialist healthcare providers limits access to 
evidence-based treatment, which may be overcome by internet-delivered Acceptance and Commitment Therapy (iACT).
Objective This study investigated the cost effectiveness of iACT for severe health anxiety in adults.
Methods Based on a Danish randomised controlled trial (March 2016–March 2017), the economic evaluation compared 
costs and effects between iACT and an active control condition (iFORUM). Effectiveness was measured using self-report 
questionnaires. The cost analysis applied a societal perspective. Resource use and healthcare costs were extracted from the 
Danish National Registries. Linear regression analysis was applied using change in costs/effectiveness outcomes as the 
dependant variable. Time, group, and interaction between time and group were independent variables. The primary outcome 
was the proportion of clinically significant improvements, defined as a ≥ 25% reduction in two measures of health anxiety. 
The probability of cost effectiveness was presented in a cost-effectiveness acceptability curve for a range of threshold values 
for willingness to pay.
Results No significant differences were detected in healthcare costs between groups; however, the iACT group significantly 
improved in all effectiveness outcomes. The economic analysis showed that, from the healthcare perspective, iACT was 
associated with an incremental cost-effectiveness ratio of €33 per additional case of clinically significant improvement 
compared with iFORUM and that, from the societal perspective, iACT dominated iFORUM because it was more effective 
and less expensive.
Conclusions We found no statistically significant differences in costs between groups; however, iACT for severe health 
anxiety may be cost effective, as evidenced by significant differences in effect.
Trial Registry Number Clinicaltrials.gov, no. NCT02735434.
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Key Points for Decision Makers 

This study found that internet-delivered Acceptance and 
Commitment Therapy (iACT) for severe health anxiety 
may be cost effective.

iACT is easily accessible and scalable, allowing for 
evidence-based treatment for many patients.

Provision of internet-delivered treatment can help 
overcome barriers such as geographical distance and 
interference with patients' daily activities as the access to 
treatment is flexible.

1 Introduction

Severe health anxiety, or hypochondriasis, is a prevalent and 
debilitating disorder associated with extensive use of health-
care services [1, 2], occupational disability, and reduced 
quality of life (QoL) [3, 4]. It is characterised by excessive 
ruminations about health and fear of suffering from a seri-
ous illness [5] and is often seen in patients seeking medical 
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services [6]. Health anxiety affects 1–5% of the adult popu-
lation [7, 8] and tends to persist if left untreated [1, 9], mak-
ing it a costly disorder, not only for patients but also for 
healthcare providers and society as a whole.

There are several specialised treatments for health anxiety 
[10]. Systematic reviews and meta-analyses have established 
the effectiveness of different psychological interventions [6, 
11–17], with cognitive behavioural therapy (CBT) being the 
oldest and therefore most widely investigated. Acceptance 
and Commitment Therapy (ACT), a new acceptance-based 
CBT approach [18, 19], has also demonstrated promis-
ing results for the treatment of health anxiety [14, 20, 21]. 
Although similarities exist between ACT and CBT, the 
therapeutic aim and techniques differ. Where CBT aims to 
change maladaptive thoughts about illness, ACT assumes 
that thoughts or inner states are not directly under our con-
trol. Instead, ACT focuses on changing maladaptive behav-
iour patterns such as control and avoidance, which are often 
triggered by unpleasant inner experiences such as illness-
related thoughts, feelings, or bodily sensations. Therefore, 
ACT aims to increase the acceptance of inner experiences 
since futile attempts to change thought patterns can create 
an inner battle and interfere with living a healthy life in the 
long run. Despite the different effective treatments, there is 
a general problem of geographic or financial constraints, 
and regional variability in specialised clinics or specialist 
healthcare providers restrict patients’ access to appropriate 
and effective psychological treatment.

Using the internet to deliver psychotherapy can greatly 
increase the accessibility of evidence-based treatments 
[22]. This approach has several advantages, including being 
independent of geographic distance to a clinic, fewer or no 
scheduled appointments, less interference with patients’ 
daily life, and possibly less perceived stigma [23]. Results 
from a recent randomised controlled trial (RCT) [24] and 
a systematic review and meta-analysis suggested that the 
effectiveness of internet-delivered CBT (iCBT) for health 
anxiety is comparable to that of face-to-face CBT [10, 24].

Economic evaluations are useful because they provide 
a means of comparing the costs of and consequences for 
patient outcomes of different treatment approaches, which 
is important for evidence-based policy and decision making 
[25]. A few studies have investigated the cost-effectiveness 
and efficacy outcomes of CBT delivered in different formats 
(face-to-face, remote using telephone or videoconferenc-
ing, internet delivered with or without clinical guidance) 
for the treatment of health anxiety [16, 26–30]. Using the 
Health Anxiety Inventory (HAI) as the outcome measure, 
CBT was found to be cost effective regardless of the form 
of delivery. In contrast, cost-utility analyses using quality-
adjusted life-years (QALYs) as the primary outcome meas-
ure were less conclusive, with CBT showing limited benefit 

for health-related QoL [26–29]. Previous cost-effectiveness 
studies have so far only investigated CBT treatments, and the 
studies were performed either in the UK or in Sweden. There 
is a need to replicate findings in other countries but more 
importantly to evaluate the cost effectiveness of other treat-
ment models such as ACT. When it comes to psychological 
treatment models, there is no ‘one size fits all’, and previous 
studies found that only 30–50% of patients with health anxi-
ety recover with CBT [9]. Hence, there is a continued need 
to investigate what treatments work for whom to increase the 
overall effectiveness of psychological interventions.

A recent RCT conducted in Denmark investigated the effi-
cacy of internet-delivered ACT (iACT) for the treatment of 
severe health anxiety [21]. The study found that 12 weeks of 
clinician-guided iACT significantly reduced health anxiety as 
measured by the Whiteley Index-7 (WI-7) compared with the 
active control condition in which patients received an internet-
delivered discussion forum (iFORUM). The between-group 
difference resulted in a large effect size at 6-month follow-up, 
measured by Cohen’s d (d = 0.80, 95% confidence interval 
[CI] 0.38–1.23). So far, there is no standardised, nationally 
available treatment for health anxiety in Denmark, and an 
internet-delivered treatment could permit broad access for 
many patients. Knowledge about the cost effectiveness of 
iACT is lacking but will be important for policy makers. The 
aim of the present study was to prospectively analyse the cost 
effectiveness of iACT for patients with severe health anxiety 
as a potential first-line treatment in a Danish healthcare setting.

2  Methods

2.1  Study Population

Patients were recruited through self-referral to the Research 
Clinic for Functional Disorders and Psychosomatics at 
Aarhus University Hospital in Denmark. Eligible patients 
had severe health anxiety determined by established diag-
nostic criteria [7] and a self-reported WI-7 score > 21.4 
(scale range 0–100), which has been validated as a clini-
cally relevant cut-off score [8]. Exclusion criteria included 
former treatment for health anxiety at the clinic and current 
psychological treatment for health anxiety elsewhere. The 
full eligibility criteria and study procedure are described 
elsewhere [21].

Between 18 March 2016 and 29 March 2017, a total of 
151 adult patients self-referred and 132 (87%) were screened 
for eligibility using video-diagnostic assessment. In total, 
101 patients were randomly assigned in a 1:1 computer-
generated allocation process, with no restrictions or match-
ing, to receive either iACT (n = 53) or iFORUM (n = 48). 
Characteristics of included patients are shown in Table 1.
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2.2  Interventions

iACT was delivered as a clinician-guided self-help pro-
gramme based on a modified version of an existing empiri-
cally supported manual for group-based ACT for health 
anxiety [14, 31]. The treatment programme consisted of 
seven online modules comprising written psychoeducation, 
videos, audio exercises (e.g., mindfulness), and homework 
assignments. The modules were consecutively opened to the 
participants over the 12 weeks of treatment. Four psycholo-
gists and one psychology student provided written guid-
ance through an embedded message system. The written 
guidance was asynchronous and could be initiated by both 
the patient and the clinician. The aim was to motivate the 
patient, answer questions, and help tailor the generic home-
work assignments to the individual patient. The treatment 
platform was designed as a web-based application accessible 
through mobile devices and tablets.

There was no standardised treatment for health anxiety, 
and usual treatment may vary considerably from patient to 
patient, being dependant on the general practitioners' knowl-
edge about the condition, local non-specialised services, and 
individual patient preferences. Hence, the intervention was 
compared with an active control programme, iFORUM, 
which was an add-on to usual treatment and consisted of 

an online discussion forum with seven modules that were 
consecutively opened over 12 weeks. The modules included 
different topics for discussion related to health anxiety (e.g., 
coping strategies, healthcare use, and impact on family or 
work) and were monitored for ethical reasons but were oth-
erwise free of clinician interference. Thus, the iFORUM 
controlled for the effects of sharing one’s distress and hav-
ing contact with others and the healthcare system. At the 
6-month follow-up (6-MFU), patients from iFORUM were 
offered iACT. Detailed information on the trial and the com-
ponents of iACT and iFORUM were previously published 
and are available in the electronic supplementary material 
(ESM)-1 [31].

2.3  Study Design

This economic evaluation was a secondary analysis of the 
RCT of iACT for health anxiety [21]. Data from patient-
completed questionnaires administered during the study 
period—i.e., at baseline prior to clinical assessment, ran-
domisation, 4 and 8 weeks into treatment, post-treatment, 
and 6-MFU (which was 10 months after baseline)—were 
analysed.

The economic evaluation applied a societal perspec-
tive incorporating intervention costs, follow-up healthcare 
costs (primary and secondary care), and broader societal 
costs related to the loss of productivity due to sick leave. 
To investigate the potential effect on resource use and 
costs after treatment completion, resource use and cost 
data were included for two time periods: 6 months before 
baseline to baseline (period 1), and from baseline to the 
last follow-up (i.e., 6-MFU). The time horizon for the 
economic evaluation was 6 months, reflecting the period 
over which incremental differences in resource use, costs, 
and outcomes were analysed. The study outline is pre-
sented in Fig 1.

2.4  Data Collection

2.4.1  Measure of Clinical Effectiveness

A detailed overview of the data points is available in 
ESM-2. Health anxiety symptoms were measured with 
the WI-7, a seven-item self-report questionnaire, on a 
five-point rating scale from 1 to 5 (aggregate scale range 
7–35) [1]. The WI-7 is a frequently used outcome meas-
ure that has shown good sensitivity and specificity in 
screening for health anxiety [32]. The Short Health Anxi-
ety inventory (SHAI) was used as a secondary measure of 
health anxiety to enable a more detailed analysis of clini-
cally significant improvement. The SHAI is composed 

Table 1  Patient characteristics [21]

Data are presented as mean ± standard deviation or n (%) unless oth-
erwise indicated
iACT  internet-delivered Acceptance Commitment Therapy, iFORUM 
internet-delivered discussion forum

Demographic data iACT (n = 53) iFORUM (n = 48)

Age, years
 Mean 37.2 ± 9.7 42.3 ± 9.6
 Range 19–61 20–63

Sex
 Female 34 (64) 32 (67)
 Male 19 (36) 16 (33)

Married or living with a partner 42 (79) 36 (75)
Education
 Unskilled 6 (11) 4 (8)
 Skilled 5 (9) 7 (15)
 Higher education (< 4 years) 28 (53) 22 (46)
 Higher education (> 4 years) 11 (21) 14 (29)
 Other 3 (6) 1 (2)

Work status
 Employed or student 36 (68) 37 (77)
 Unemployed 6 (11) 3 (6)
 Disability pension or flexible 

work
3 (6) 5 (10)

 Other (e.g., maternity leave) 8 (15) 3 (6)
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of 18 items on a categorical four-point scale from 1 to 4 
(scale range 18–72) [33] and has shown high reliability, 
criterion validity, and sensitivity to treatment [34]. Men-
tal well-being was measured with the five-item World 
Health Organization Well-being Index (WHO-5) [35] on 
a six-point scale ranging from 0 to 5 (scale range 0–25). 
All scales were transformed to a score between 0 and 
100 using the equation ([score−min]/[max−min]) × 100. 
This was done to facilitate comparison of the effective-
ness measures with previous studies, including the main 
efficacy study [14, 21].

The primary outcome for the analysis was clinically 
significant improvements calculated as the proportion of 
patients with a double improvement of ≥ 25% over base-
line scores on two measures of health anxiety, i.e., the 
WI-7 and the SHAI, which has been proposed as a reli-
able measure of a clinically significant improvement [12].

2.4.2  Costs

2.4.2.1 Intervention Costs A micro-costing approach was 
used to determine the cost of the treatment programme 
(iACT), which was calculated as time spent for a psycholo-
gist to develop each programme multiplied by the salary. 
The cost of consultations was calculated based on mean 
consultation time logged during the 12 weeks of treatment. 
Consultations consisted of the time spent reading patients' 
homework assignments and messages to the therapist 
as well as writing messages with clinical guidance to the 
patient. The valuation of consultation time was based on the 
average gross salary of psychologists involved in the pro-
gramme. Running costs such as service fees (SMS), hosting, 
domain fee, hardware, and technical service were obtained 
from the local financial systems, and the total running costs 
were divided by the estimated total number of users of the 
internet platform to assign a cost per user.

2.4.2.2 Primary Healthcare Costs Resource use in primary 
healthcare was obtained individually for each participant 
from the Danish National Health Service Register and 
included the number of visits and related activity-based tar-
iffs [36]. The use of primary care services was categorised 

by healthcare providers (general practitioners, medical spe-
cialists, psychologists, therapists, and others).

2.4.2.3 Secondary Healthcare Costs Information on the 
use of both somatic and psychiatric secondary healthcare 
resources was extracted from the Danish National Patient 
Registry [37] and valued using tariffs of diagnostic-related 
groupings for inpatient admissions and the Danish Ambula-
tory Grouping System for outpatient admissions.

2.4.2.4 Costs Due to  Loss of  Productivity The National 
Labor Market Authority database (DREAM) [38], which 
contains information on all social benefits, was searched 
for events with employer reimbursement due to sickness 
absence. Productivity loss was calculated using the human 
capital approach based on weeks of absence from work for 
participants who were not retired at baseline and was valued 
using national age- and sex-matched gross wages [39].

All cost estimates were inflated to €, year 2018 values, 
using Statistics Denmark's consumer price index and a 
currency conversion rate of €1 = 7.45 Danish kroner. As 
the study time horizon was less than 1 year, costs were not 
discounted.

2.5  Evaluation

2.5.1  Effectiveness

To examine the incremental effectiveness of iACT, we used 
a linear regression model with a two-group two-period dif-
ference-in-difference (DID) approach. The DID approach 
relies on the assumption that confounders varying across 
the groups are time invariant and time-varying confounders 
are group invariant (the parallel trend assumption) [40]. The 
WI-7 and the SHAI scores informed the regression model, 
where the change in outcome from baseline to 6-MFU was 
the dependent variable, and time, group, and the interaction 
between time and group were the independent variables. 
Estimates for the change in score and 95% CI for the inter-
action term (the DID estimate) were considered as the pri-
mary result for the treatment effect under the parallel trend 
assumption.

Fig. 1  Study outline
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The relative difference in number of clinically significant 
improvements between groups was estimated as a risk ratio. 
The analysis of clinically significant improvement explored 
the effectiveness using (1) complete cases, (2) missing fol-
low-up data assigned the baseline value, and (3) missing val-
ues at 6-MFU being imputed using last observation carried 
forward (LOCF). There were no missing baseline values.

2.5.2  Costs

Mean resource use and costs during the 6-month pre-base-
line and follow-up periods were calculated for each patient. 
Resource use, costs, and outcomes were tested for normality 
and distribution. Because the data were skewed, we followed 
International Society for Pharmacoeconomics and Outcomes 
Research (ISPOR) guidelines by statistically comparing 
group cost means using bootstrapping procedures [41, 42]. 
We applied nonparametric bootstrapping with 5000 replica-
tions. Further, and in accordance with ISPOR guidelines, 
the statistical comparison of mean group cost differences 
was assessed using the DID approach, as for outcomes, con-
sidering the interaction between group and time (the DID 
estimate) as the primary result for change in costs. The char-
acteristics of the included patients showed baseline differ-
ences in age between groups. To assess the potential impact 
of this difference on results, the analyses were additionally 
performed adjusting for age.

To test the robustness of the cost analysis, we performed 
a one-way sensitivity analysis with different assumptions 
of the intervention costs. In the base case, the full pro-
gramme development cost was distributed over the study 
participants, and running costs per user were calculated 
based on 2000 users of the internet platform. In the sensi-
tivity analysis, we estimated the intervention cost assum-
ing a 10-year depreciation time and the running costs per 
user assuming a total of 10,000 users of the platform. 
Estimates of different numbers of users were informed by 
IT specialists, and the estimated lifetime of the treatment 
programme was informed by clinical experts.

2.5.3  Cost Effectiveness

The cost-effectiveness analysis was expressed as the 
incremental cost-effectiveness ratio (ICER), which was 
informed by the observed scores and registry data from 
the trial. The statistical uncertainty was assessed using 
nonparametric bootstrapping, and the ICERs for each 
iteration of the simulation were plotted in a scatterplot. 
We assumed that the costs and effects were independent, 
which was confirmed by tests for potential correlation 
between costs and effects in each arm of the study. In addi-
tion, we estimated net monetary benefit (NMB) using a 

range of hypothetical threshold values for decision makers’ 
willingness to pay for a clinically significant improvement 
(from €0 to 10,000). The probability that the treatment was 
cost effective for the range of willingness to pay for a clini-
cally significant improvement was visually presented in 
a cost-effectiveness acceptability curve (CEAC) [43–45].

To assess the robustness of the study results, all analy-
ses were performed using (1) complete cases, (2) miss-
ing follow-up data assigned the baseline value, and (3) 
imputation-based cases (LOCF) for the clinically signifi-
cant improvement. The NMB was calculated both from a 
societal perspective and from a healthcare sector perspec-
tive to illustrate the influence of the costing perspective 
on results. One-way sensitivity analyses were performed 
using the estimated variation in the intervention costs.

Data were analysed at the secure research platform pro-
vided by The Danish Health Data Authority using STATA 
15 (StataCorp; College Station, TX, USA) applying a sta-
tistical significance level of 0.05.

3  Results

Overall, patients in both the iACT and the iFORUM 
groups actively used the internet-delivered programmes. 
Additional details on the use of services can be found in 
ESM-3.

3.1  Effectiveness

The iACT group showed marked improvements in all 
included effectiveness outcomes compared with the iFO-
RUM control group at 6-MFU (Table 2). Twice as many 
patients receiving iACT as receiving iFORUM showed 
a clinically significant improvement, defined as a ≥ 25% 
reduction in health anxiety symptoms scored using the WI-7 
and the SHAI (risk ratio 2.09; 95% CI 1.3–3.3; p = 0.002).

3.2  Costs

Intervention costs are presented in ESM-4. Table 3 pre-
sents a summary of the base-case and sensitivity estimates 
of the intervention costs.

Healthcare resource use in primary and secondary sec-
tors and number of sick leave weeks are shown in Table 4, 
and related costs including intervention costs are presented 
in Table 5. The use and costs of psychologists were signifi-
cantly lower with iACT than with iFORUM. Interestingly, 
the iACT group showed a decrease in weeks of sick leave, 
whereas the iFORUM group showed an increase, but this 
change was not statistically significant. The use and costs 
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of other healthcare services in primary and secondary 
sectors and sick leave did not differ significantly between 
groups. The age-adjusted analyses did not alter the results 
(see ESM-5).

3.3  Cost Effectiveness

As complete cases showed the least effectiveness, and impu-
tation-based cases showed the best effectiveness, the pres-
entation of cost-effectiveness results was limited to include 
these two effectiveness analyses only. The results are pre-
sented in Table 6.

From the healthcare perspective, the ICER comparing 
iACT and iFORUM was €33 per additional case of clinically 
significant improvement (for the complete case analysis); 
from the societal perspective, iACT dominated iFORUM 
as it was more effective and less expensive. The sensitivity 
analyses reduced the cost per additional clinically significant 
improvement to €6 from the healthcare perspective.

For societal costs, the results of bootstrapped replicates 
of differences in costs and effects were located primarily 
in the northeast and southeast quadrants of the scatter plot, 
which implies uncertainty about the cost effectiveness of the 
iACT programme as being either dominant (more effective 
and less costly) or more effective and costly than iFORUM. 
For healthcare costs, the data were more concentrated in the 
northeast quadrant than for societal costs, indicating that 
iACT was more effective and costly than iFORUM from a 
healthcare sector perspective (Fig. 2).

CEACs were generated to assess the probability of iACT 
being cost effective at different threshold values of willing-
ness to pay for a clinically significant improvement in health 
anxiety, incorporating uncertainties associated with cost-
effectiveness estimates. CEACs applying both societal and 
healthcare costing perspectives revealed that the probability 
of iACT being cost effective was close to 100% at a thresh-
old willingness-to-pay value of €6000 for the base-case sce-
nario using complete cases. Sensitivity analyses using the 
estimated sensitivity scenario for intervention costs showed 
a similar trend, except that the treatment was cost effec-
tive at a lower threshold value of €4000 (Fig. 3). CEACs 

Table 2  Patient outcomes with iACT and iFORUM

6-MFU 6-month follow-up, BL baseline, CI confidence interval, DID difference in difference, iACT  internet-delivered Acceptance and Com-
mitment Therapy, iFORUM internet-delivered discussion forum, LOCF last observation carried forward, SHAI Health Anxiety Inventory Short 
Form, WHO-5 WHO Well-being Index, WI-7 Whiteley Index
*Significant difference at 5% level
a Original scales of the outcome measures were transformed into a scale from 0 to 100
b Number of missing at 6-MFU = 3
c Number of missing at 6-MFU = 5

Outcome measures (scale 0–100)a iACT (n = 53) iFORUM (n = 48) DID (95% CI)

BL, mean 6-MFU, mean BL, mean 6-MFU, mean

Health anxiety
 WI-7 75.5 31.4 74.3 48.1 − 18.1* (− 29.0 to − 7.2)
 SHAI 65.7 39.7 66.9 54.4 − 13.5* (− 21.4 to − 5.5)

Well-Being Index
 WHO-5 31.8 56.8 31.0 44.2 11.8* (2.0–21.6)

Clinically significant improvement (from BL to 6-MFU) n Patients, n (%) n Patients, n (%) Risk ratio (95% CI)

Reduction ≥ 25% in both WI-7 and SHAI
 Complete case analysis 50b 34 (68.0) 43c 14 (32.6) 2.09* (1.3–3.3)
 Missing values at 6-MFU assigned BL values 53 34 (64.2) 48 14 (29.2) 2.20* (1.4–3.6)

Imputation-based analysis (LOCF) 53 35 (66.1) 48 14 (29.2) 2.26* (1.4–3.7)

Table 3  Intervention costs and sensitivity scenarios (€ per partici-
pant, year 2018 values)

iACT  internet-delivered Acceptance and Commitment Therapy
a Base case: cost of developing the programme divided by partici-
pants, running costs per user with 2000 estimated users
b Sensitivity scenario: programme costs based on estimated monthly 
costs (Electronic Supplementary Material-4), running costs per user 
with 10,000 estimated users

Base  casea Sensitivity 
 scenariob

iACT (n = 53)

Programme 575.00 21.01
Consultations 199.61 199.61
Running costs 0.29 0.06
Total 774.61 220.62
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Table 4  Resource use at 
baseline and at the 6-month 
follow-up with iACT and 
iFORUM

Values are mean number of resource use and mean difference with 95% CI
6-MFU 6-month follow-up, BL baseline, CI confidence interval, iACT  internet-delivered Acceptance and 
Commitment Therapy, iFORUM internet-delivered discussion forum
*Significant difference at 5% level

Resource categories iACT (n = 53) iFORUM (n = 48)

BL 6-MFU BL 6-MFU Difference-in-difference

Primary care (contacts)
 General practitioners 6.77 5.79 6.23 4.97 0.27 (− 1.69 to 2.23)
 Psychiatrist 0.09 0 0.15 0.12 − 0.07 (− 0.34 to 0.21)
 Medical specialists 0.70 0.58 0.85 0.57 1.67 (− 0.35 to 0.68)
 Psychologist 0.57 0.24 0.15 0.44 − 0.62 (− 1.16 to − 0.08)*
 Therapists 1.13 0.91 1.25 0.78 0.24 (− 0.68 to 1.16)
 Other 0.72 0.47 0.58 0.67 − 0.33 (− 0.70 to 0.05)
 Total primary care contacts 9.98 7.99 9.21 7.55 − 0.33 (− 3.19 to 2.53)

Secondary care
 Somatic hospital inpatient (admissions) 0.09 0.05 0.04 0.03 − 0.03 (− 0.14 to 0.08)
 Bed days 0.21 0.1 0.1 0.03 − 0.03 (− 0.30 to 0.25)
 Somatic hospital outpatient (contacts) 1.60 1.5 1.17 0.93 0.13 (− 1.44 to 1.72)
 Psychiatric hospital outpatient (contacts) 0.08 1 0.04 0.84 0.12 (− 0.66 to 0.91)

Sick leave (weeks) 2.40 0.56 0.96 1.06 − 1.95 (− 4.15 to 0.26)

Table 5  Mean costs (€, year 
2018 values) at baseline and 
at the 6-month follow-up with 
iACT and iFORUM

Values are mean costs and mean difference with 95% CI
6-MFU 6-month follow-up, BL baseline, CI confidence interval, iACT  internet-delivered Acceptance and 
Commitment Therapy, iFORUM internet-delivered discussion forum
*Significant difference at 5% level
a Sensitivity analysis included the estimated intervention costs from sensitivity scenario (see Table 2)

Cost categories iACT (n = 53) iFORUM (n 
= 48)

Difference-in-difference

BL 6-MFU BL 6-MFU

Primary care
 General practitioners 181 130 156 115 − 10 (− 75 to 54)
 Psychiatrist 14 0 18 19 − 15 (− 54 to 23)
 Medical specialists 102 59 91 64 − 15 (− 98 to 68)
 Psychologist 44 19 10 36 − 50 (− 91 to − 9)*
 Therapists 22 17 22 14 3 (− 18 to 24)
 Other 31 17 29 28 − 13 (− 33 to 6)
 Total primary care costs 394 243 325 276 − 102 (− 241 to 38)

Secondary care
 Somatic hospital inpatient (admissions) 309 132 275 18 79 (− 462 to 620)
 Somatic hospital outpatient (contacts) 556 410 223 203 − 126 (− 708 to 457)
 Psychiatric hospital outpatient (contacts) 11 173 6 128 40 (− 101 to 181)

Total secondary care costs 876 714 504 349 − 7 (− 990 to 977)
Total healthcare costs 1270 957 829 625 − 108 (− 1149 to 932)
Intervention costs – 775 – –
Sensitivity  analysisa – 221 – –
Total healthcare costs incl. intervention costs 1270 1732 829 625 667 (− 355 to 1688)
Sensitivity  analysisa 1270 1178 829 625 113 (− 908 to 1133)
Productivity loss (sick leave) 2322 545 871 1002 − 1907 (− 4057 to 243)
Total societal costs incl. intervention costs 3592 1794 1700 1289 − 1386 (− 3716 to 944)
Sensitivity  analysisa 3592 1240 1700 1289 − 1940 (− 4293 to 412)
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using imputation-based cases showed that the probability of 
iACT being cost effective was close to 100% at a threshold 
willingness-to-pay value of €4000 in the base-case analy-
sis applying the societal costing perspective and of €6000 
applying the healthcare costing perspective. The sensitivity 
analyses showed that iACT had a probability of being cost 
effective at a reduced willingness-to-pay threshold compared 
with the base-case analyses. The CEACs using imputation-
based cases are found in ESM-6.

4  Discussion

In this study, we investigated the cost effectiveness of an 
iACT programme compared with an active control for the 
treatment of patients with severe health anxiety. We found 
no statistically significant differences in utilisation of health-
care services or healthcare costs between groups at 6-MFU, 
although the iACT group showed significant improvements 
in all measured effectiveness outcomes. The economic eval-
uation showed that, from the healthcare perspective, iACT 
was associated with an ICER of €33 per additional case 
of clinically significant improvement compared with iFO-
RUM and that, from the societal perspective, iACT domi-
nated iFORUM as it was more effective and less expensive. 
From both costing perspectives, iACT had an almost 100% 
probability of being cost effective at a willingness-to-pay 
threshold of €6000 for a clinically significant improvement.

4.1  Strengths and Limitations

The main strength of this study was the randomised 
design with an active comparator, which minimised the 
influence of confounders on the results. The choice of 
control group could be criticised for lacking ecological 
validity since treatment as usual rarely consists of dis-
cussion forums. However, there is currently no defined 
standardised treatment for health anxiety in the Danish 
healthcare system, and the commonly used waitlist control 
condition is criticised for interrupting patients’ spontane-
ous remission and thus resembling a nocebo treatment, 
which inflates the effectiveness of the intervention [46]. 
Patients in the iFORUM discussion group, a format that 
was used in a previous study of iCBT [47] for health 
anxiety, did report minor improvements in health anxi-
ety, which might largely be explained by the effect of the 
diagnostic interview. In terms of cost effectiveness, we 
expected only a minor impact from the active control on 
healthcare resource use. By not including the interven-
tion costs related to iFORUM, we chose a conservative 
approach, where the cost-effectiveness results might, in 
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the worst case, underestimate the true differences between 
iACT and treatment as usual.

Another strength was the use of validated questionnaires 
with high completion rates at follow-up. Resource use and 
costs were obtained from various national registries and 
included complete information with no missing data. Alto-
gether, this contributed to the internal validity of the study. 
A potential limitation to consider was that the data on pre-
scribed medication outside of hospitals were unavailable. 
However, it is unlikely that these data would significantly 
affect the results, as the use of other healthcare resources 
did not differ significantly between the treatment and control 
groups.

Productivity loss was calculated as the amount of time 
by which working life was reduced due to illness multiplied 
by salary. Data regarding the inability to work was obtained 
from the DREAM database (a national register) and was 
based on weekly information and therefore not sensitive to 
shorter time periods or changes in absence. This is another 
potential study limitation, given that health anxiety is a con-
dition known to fluctuate [1] and therefore result in brief, 
recurrent rather than long-term sick leave. However, this 
shortcoming was equally applicable to both groups. On the 
other hand, the data were suitable for longitudinal analyses 

focusing on the duration of periods of sickness absence. 
Additionally, cost-effectiveness analyses were performed 
from a healthcare sector perspective and excluded produc-
tivity loss so that the influence of these costs on the final 
results could be transparently assessed.

The included intervention costs were based on different 
registrations but were also calculated using several assump-
tions, such as the number of users and lifetime of equipment. 
We have listed these assumptions in ESM-4 to allow assess-
ment of their transferability to other settings. The base-case 
analyses were performed from a conservative perspective, 
with the full programme costs assigned to the study partici-
pants, whereas the sensitivity scenario used a more optimis-
tic assignment of the intervention costs as an annual cost for 
an estimated maximum number of platform users, thereby 
limiting the risk of over- or underestimating potential cost 
differences.

Patients’ personal or travel time was not included in the 
intervention costs, which is a potential shortcoming. How-
ever, as the programme was delivered via the internet with 
no constraints on participants’ log-in time, we assumed that 
most participants accessed the programme outside of work 
hours. Thus, the results of our analyses may underestimate 
the cost difference between iACT and usual care because 
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of potential differences in costs associated with travel and 
hospital appointments during the day.

We used the DID method to analyse differences in out-
comes and costs between the two groups over time. This is 
a well-established approach that is based on the assumption 
of parallel trends over time between treatment and control 
groups. Pre-baseline measurements are required to test the 
validity of this assumption; the fact that these were not avail-
able is a study limitation.

The study did not include measurements of health-related 
QoL, which precluded a cost-utility evaluation. Health-related 
QoL questionnaires assess both mental and physical func-
tioning, and—although health anxiety is regarded as a severe 
health condition—physical functioning may not be substan-
tially affected in anxiety disorders [48]. This was underscored 
in our previous work in which our cohort showed poor mental 
functioning but average physical functioning at baseline [49]. 
This might explain the limited treatment effect of CBT for 
health anxiety on health-related QoL [10].

The lack of an explicit threshold value for improvement 
in health anxiety in the cost-effectiveness analysis makes it 

harder to determine whether the iACT programme should 
be considered good value for money. This is a general con-
cern when applying clinical outcomes in cost-effectiveness 
studies, as threshold values rarely explicitly exist. Another 
concern is that the use of a clinical outcome measure as 
opposed to application of the QALY makes it impossi-
ble to compare the incremental cost effectiveness across 
different disease areas and thus consider the opportunity 
costs of adopting the intervention. In this study, iACT was 
found to be dominant from the societal perspective, which 
implies that the intervention represents good value to soci-
ety. However, the scatterplots incorporating uncertainties 
surrounding the ICER estimates (Fig. 2) showed that a 
proportion of ICERs was located in the northeast quad-
rant of the cost-effectiveness plane, with iACT being more 
effective but also costlier. Following, the CEAC showed 
that, given no willingness to pay, the decision about 
adopting iACT was associated with considerable uncer-
tainty and a 45% risk of iACT not being cost effective 
(Fig. 3). Increased willingness to pay would reduce the 
decision uncertainty; at a willingness to pay of €6000 for 
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a clinically significant improvement, the analyses showed 
a 100% probability of iACT being cost effective.

4.2  Comparison with Other Studies

This was the first study to investigate the cost effectiveness 
of iACT for health anxiety. Only a few studies have exam-
ined the costs and cost effectiveness of iCBT programmes 
for health anxiety [16, 27, 30], and their control groups, 
follow-up periods, outcome measures, and methods for 
economic evaluation differed from those in our study. We 
found that the iACT programme was not associated with 
significantly lower costs compared with iFORUM, irre-
spective of costing perspective (societal or healthcare). We 
did observe a tendency for lower healthcare service utilisa-
tion, but this was similar for both groups, with the iACT 
group demonstrating a slightly higher relative reduction 
for most of the included resource categories. These results 
are similar to those from the previous iCBT studies [16, 
26, 27, 30] that reported the same tendency but found no 
statistically significant differences in costs between groups 
at follow-up, although the included costs and follow-up 
periods differed from those examined here. One possible 
reason for the non-significant difference in costs is the 
relatively small sample size. This is a well-known weak-
ness of economic evaluations performed alongside clini-
cal studies, which are usually powered to reach statistical 
significance for effectiveness outcomes [50]. Recent larger 
clinical trials have found significant cost reductions asso-
ciated with CBT interventions [28, 29].

The ICER expressed as cost per additional case of clini-
cally significant improvement comparing the investigated 
alternatives was found to be €33 from the healthcare per-
spective. The intervention was dominant from the societal 
perspective. Although not directly comparable because of 
the different effectiveness measures, our results were in 
line with those of Axelsson et al. [26], who used cases in 
remission as an effectiveness measurement and found a 
slightly higher ICER for therapist-guided iCBT from the 
healthcare perspective, whereas the intervention, similar to 
our findings, was found to be dominant from the societal 
perspective. The findings that the internet-delivered treat-
ment was dominant from the societal perspective underlines 
the potential societal benefits resulting from these types of 
interventions.

The cost-effectiveness plane of the 5000 bootstrap-rep-
licated ICERs revealed uncertainties around the estimates. 
For the societal costing perspective, replicates were con-
centrated in the southeast quadrant when the iACT treat-
ment was dominant and in the northeast quadrant when the 
treatment was more effective and costlier. These findings, 

as well as the probability of iACT being cost effective 
interpreted through CEACs, are supported by previous 
studies reporting similar results using reduction of health 
anxiety as the cost-effectiveness outcome [27, 28]. The 
difference in cost-effectiveness results according to cost-
ing perspective in our study was driven by the impact of 
productivity loss, which was a substantial cost relative 
to the other included cost categories and was reduced 
with iACT but increased with iFORUM at the follow-up. 
Overall, our results indicate that iACT for health anxi-
ety is effective and may be cost effective depending on 
the willingness-to-pay threshold, which is in line with 
the conclusions of a review and meta-analysis of the cost 
effectiveness of iCBT for health anxiety [10].

4.3  Clinical Implications

There is a well-known treatment gap in mental health 
care [51] that is attributable to limited accessibility to 
and regional variability in specialised treatment. The 
effectiveness results presented here support the use of 
internet-delivered treatment (i.e., iACT) as a means of 
increasing treatment access regardless of geographic loca-
tion. The fact that the large reduction in health anxiety 
symptoms was sustained at 6-MFU and that this effect is 
similar to that demonstrated in an earlier trial of face-to-
face ACT for health anxiety [14] suggests that iACT is a 
valid alternative to clinic-based treatment. Furthermore, 
we found that iACT dominated iFORUM by being more 
effective and less expensive when applying the societal 
costing perspective and that iACT was associated with an 
ICER of €33 per additional case of clinically significant 
improvement from the healthcare perspective. In terms of 
economic considerations for healthcare policy, our find-
ings support the implementation of iACT, not only as a 
way to reduce the net costs of treatment delivery (e.g., 
less travel time for patients and absence from work, and 
reduced rent for outpatient offices in hospitals) but also to 
offer a treatment option that is accessible and may appeal 
to a broader patient population [49], thus minimizing the 
treatment gap. Future research should investigate health 
economic outcomes with iACT in a larger cohort with a 
longer follow-up period, e.g., 5 years, to further validate 
the feasibility of incorporating this treatment approach 
into the existing healthcare system in Denmark. To our 
knowledge, no long-term cost-effectiveness studies exist. 
As health anxiety symptoms are found to persist if left 
untreated [1], and symptom reduction is found to be stable 
at 6-MFU, it is possible that symptom improvement and 
even small changes in illness behaviour and use of health-
care services would potentially have a significant impact 
in the long run.
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5  Conclusion

We found no statistically significant differences in health-
care utilisation or costs between groups; however, iACT for 
health anxiety may be a cost-effective treatment as evidenced 
by the observed differences in effect. Despite the limitations 
of this study, the results are important because they provide 
the first economic evaluation of iACT as a treatment option 
that can not only benefit but is broadly accessible to patients 
with health anxiety.
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